A total of 48 soil samples from the University of Ibadan practical year farmland were collected and analyzed using gamma ray spectrometer in order to determine the activity concentrations of the natural radionuclides. From the activity concentrations determined, the radium equivalent activity, the external hazard index, the internal hazard index, the absorbed dose rate and the effective dose rate in the soil were evaluated. The activity concentrations and hazard indices values were less than the accepted world average values.
Introduction

Radionuclides are found in natural surroundings, mostly in the air, soil and water. Radionuclide means type of atom that exhibits radioactivity. Each radionuclide is characterized by its own half-life, which is the time required for half of the radioactive substance to undergo spontaneous decay. It is the nucleus of atom that exhibits the properties of spontaneous disintegration. Radionuclides can be used to calculate the age of rocks and minerals using radiometric dating method. Naturally occurring radioactivity is common in the rocks and minerals as well as the soil that make up the planet. Also, they exist in the homes, building materials and so on
The concentration of the 235 U, 232 Th, and 40 K were varied depending on soil type, the mineral content, geological features and geological conditions. [1] ; [2] .These can severely affect the distribution of radionuclides in soil. Types of rocks also dictate the higher radionuclide present in it. Higher radionuclide level are mostly found in igneous rocks, such as granite and lower levels commonly with the sedimentary rocks [3] .The concentration of thorium and uranium in high background radiation dose rate areas is as a result of soil developed from igneous rocks [4] . Natural radioactivity is widespread in the earth environment and it exists in various geological formations such as earth crust, rocks, soils, plants, water and air [5] . Soil radionuclide activity concentration is one of the main determinants of the natural occurring radiation. When rocks are disintegrated through natural process, radionuclides are carried to soil by rain infiltration process [6] . In addition to natural sources, soil radioactivity is also affected by man-made activities. Naturally occurring radionuclides (uranium and thorium series, etc.) are the largest contributors to radiation doses received by human beings.
Furthermore, the knowledge of the radionuclide content of soils is central to the establishment of environmental baselines for various substrates and environments [7] . Although, Farming is one of the most crucial means of survival in Nigeria back in the early centuries and it is still a prominent way of sustenance till date. Planting of crops is essential since human beings and some animals depend on plants and crops to survive. The soil where this cropping is done may be as a result of sediments of rocks or rocks that are broken down through weathering processes and transported by erosion. The mineral contents that make up the soil may have some naturally occurring radionuclides and may as well give the details about the type of rocks that comprises of the soil. To understand the pathways by which radionuclides reach humans requires an assessment of those soil properties that affect the abundance and distribution of radionuclides. In addition, continuous farming and application of fertilizers are seen to increase the distribution of radionuclides in the farm. Therefore, this research is carried out to evaluate and to analyze the concentration of natural radionuclides and the gamma exposure levels in soils from the University of Ibadan agricultural farm. The concentrations of natural radionuclides in the farm soil and their distribution across the farm will be determined and if the continuous farming has had any effect on the concentration of these radionuclides which may increase exposure levels in the area of the farm.
The aim of this study is to evaluate and analyze the distribution of the concentration of natural radionuclides and the gamma exposure levels in soils from the University of Ibadan agricultural farm. To achieve this aim, the following are the objectives of the research:  To determine the activity concentration of 40 K, 226 Ra and 232 Th in the soil samples.
 To determine, relate and compare the natural level of radioactivity in the soil samples with other farms.  To evaluate the gamma exposure level in the environment of the student practical year farm.
II. Materials and Methods
Collection of Sample and Study area
The Faculty of Agriculture is situated in the University of Ibadan. Ibadan is a city in south-western Nigeria, capital of Oyo State, located about 110 km (about 70 mi) northeast of Lagos. Ibadan is located between 7°23'47''N 3°55'0''E and 7. Soil samples were collected at depths 0-5 cm, 5-10 cm and 10-15 cm from the surface at each point using a hand trowel. A total of 48 soil samples were collected from 16 sample points on the farm. The spacing between each sample point was about 34 m x 29 m. After collection, the wet samples, each weighing about 400 g were placed in polythene bags and carefully labelled to prevent sample mix up. Soil sampling was done in the month of May -June, 2014 from different types of soils on the farm. The samples were properly marked, catalogued and taken to Radiation and Health Physics Laboratory at the Department of Physics, University of Ibadan, Oyo State, Nigeria, for processing before analysis. The farm is in between the Parry road and the Benue -Sarapa road, the satellite map representation of the farm is shown in Figure 1 .
Figure 1:
The satellite view of the study area The samples were dried at 100 0 C using an oven until a constant weight was reached in order to remove moisture. The samples were crushed to powder with mortar and then sieved with a 2 mm mesh sieve to obtain homogenized sample. Thereafter, approximately 200 g of each of the samples was transferred to a cleaned, washed, uncontaminated cylindrical plastic containers of approximate uniform sizes.
The counting of radioactivity in this was carried out using a lead shield 76 mm by 76 mm NaI (Tl) detector crystal (model 802 series, Canberra Inc) coupled to a Canberra series 10plus multichannel analyzer (MCA) (model 1104) through a preamplifier.
Radioactivity Counting
The counting of each sample was carried out using 76 mm x 76 mm NaI (TI) detector coupled to a Canberra series 10 plus Multichannel Analyzer, the activity concentration was obtained using the expression: (1) Where N Ei is the net peak area at energy E of radionuclides, ɛ Ei is the detection of efficiency, T is the counting time, is the number of gamma per nuclear transformation, and M is the mass in kg of the measured sample.
Evaluation of Radiological parameters 2.3.1 Annual Effective Dose
The annual effective dose rates were calculated using the expression [8] ; [5] given in mSv. The purpose is to obtain the biological effect per unit of absorbed dose that vary with the type of radiation and the organ of the body. The recommended value for the public by ICRP is 1 mSv:
Where D is the absorbed dose rate in air, the factor 8760 is the number or hour in a year (365days), 0.2 is the outdoor occupancy factor and 0.7 SvGy -1 is the conversion factor to convert the gamma ray absorbed dose to effective dose equivalent [5] .
Absorbed Dose Rate in Air
This quantity is used to measure the exposure to human body in order to determine the amount of radiological hazards to humans. The absorbed dose rate at 1m above the ground (in nGyh -1 by Bq.kg -1 ) was calculated using the expression [9] ; [5] :
Although, A Cs is not considered in this research, therefore, it can be negligible. The annual effective dose rate outdoors in units of µSvy -1 is calculated using the following formula:
Where D is the calculated dose rate in (nGy.h -1 ), T is the outdoor occupancy time (0.2 x 24h x 365.25days ≈ 1753hy -1 ) and F is the conversion factor (0.7 x 10 -6 Sv Gy -1 [10] .
Radium Equivalent Activity
Radium equivalent activity is an index that has been introduced to represent the specific activity of 40 
Collective Dose Equivalent
The population size involved is important in any epidemiological study since it determines the actual number of people that are expected to suffer a given health effect. When effective dose E is multiplied by the population size N, collective effective dose S E , is obtained [5] : (6) 
Internal Radiation Hazard Index
The internal radiation hazard index formula is defined [10] as follows: (7) 
External radiation Hazard index
The external hazard index is obtained from Ra eq expression through the supposition that its maximum allowed values corresponds to the maximum or upper limit of Ra eq (370 Bqkg -1 ) in order to limit the radiation dose 1.5 mSv.y -1 . This index value must be less than unity in order to keep the radiation hazard insignificant. The external hazard index is defined [10] as follows: 
Representative Level Index
This radiological hazard index could be calculated using:
Determination of Gamma dose rate levels in the farm
A calibrated analogue and digital survey meters were simultaneously used to determine the gamma dose rate levels at the farmland. The survey meters were placed 1m above the ground and the measurements were made. The average of the three measurements at a spot was taken as a representative gamma dose rate for that spot.
III. Results and Discussion
Determination of the radiological effects from soil samples collected at different locations on the farm were calculated using the net count. . Table 2 summarizes the mean values of the activity concentration of the radionuclides for each sample point. Sample 12 has the highest activity concentration of radionuclides when compared with other sample points as shown in Table 3 . This could be as a result of the fact that the area of the land was kept undisturbed after it was being fertilized. Sample 15 has radionuclides with lowest activity concentrations; this could be attributed to the erosion that washes away some of the soil and radionuclides in that area of the farm. Ra ( 238 U) and 232 Th respectively [5] . The results presented in Table 1 and Table 2 show that the activity concentration is low when compared with that of other researchers. Table 3 also gives the details of related research to which this present study was compared.
Activity Concentration and Comparison with World range
BDL-Below detection limit
Absorbed Dose
The absorbed dose in air due to the three radionuclides in the soil samples from the study area was calculated using equation 3. The absorbed dose has its highest value as 44.96nGyh -1 which is lower than the global value of 55nGyh -1 [5] . The average of the absorbed dose is given as 24.50nGyh -1 which is lower than the world value. The ICRP-60(1990) recommends that any exposure above the natural background radiation should be kept as low as reasonably achievable (ALARA). Therefore, the results for the absorbed dose have no significant effect on the students working on the farm. The annual absorbed dose received due to the presence of radioactivity in the farm soil samples are presented in Tables 4,5 Th between 10-15cm depths. 
Gamma dose rate Levels in the Farm
The environmental survey of the farm using both the digital and the analogue survey meter placed at 1m above the ground show that the gamma dose rate level in the environment is low, having its highest value as 0.18±0.01 µSv/h and its lowest value as 0.06±0.01 µSv/h for the analogue survey meter. This compared well with digital which is 0.14±0.01 and 0.04±0.01 representing the highest and the lowest value for the digital survey meter respectively. These signify no radiological hazard to the farmers and personnel working on the farm (study area). The table for this result is as presented in Table 7 .
Annual Effective Dose
The annual effective dose received due to the presence of radioactivity in soil samples collected were calculated using equation 4. The maximum value of radioactivity in the soil samples is 0.055mSvy -1 while the minimum is 0.006mSvy -1 . The average mean for all the samples is 0.030mSvy -1 . The mean value is lower than the recommended value of 1mSv by ICRP for the general public.
Radium Equivalent Activity
Radium equivalent activity was calculated using equation 5. The radium equivalent concentration for the soil samples ranged between 9.56 to 96.77Bqkg -1 with a mean value 52.34 Bqkg -1 . The result was presented in Table 4 , 5 and 6. It can be observed that the result obtained from these calculations were lower than the recommended maximum value of 370Bqkg -1 [5] . 
External Hazard Index and Internal Hazard Index
The external hazard index and the internal hazard index were both calculated from the activity concentrations of the soil samples. The result presented in Table 4 , 5 and 6 show that the minimum value and maximum value for the external hazard are 0.03 and 0.26 respectively. The result for the internal hazard has its minimum at 0.04 and its maximum value at 0.32. The mean averages for both internal and external hazard dose are 0.17 and 0.14 respectively. These results showed that there is insignificant radiation effect on farmers or students working on the farm and that the farm soil is appropriate for any further use of the soil on the farm since the values obtained are less than unity.
IV. Conclusion
Conclusion
The activities of the radionuclides of the student practical year farm give rise to an effective dose equivalent value lower than the world's soil average value. The health burden due to natural background radiation from the soils on the farmers (students) is low and hence carries insignificant health hazards. The values of external hazard index (H ex ) and internal hazard index (H in ) were equally lower than acceptable limit of unity therefore the radiation risk from these soils are seen to be insignificant. 
